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54)  Process  for  preparing  primary  alkyl  chlorides. 

In  a  process  for  the  conversion  of  primary  alkyl  alco- 
hols  to  the  corresponding  alkyl  chlorides  in  the  presence 
of  aqueous  hydrochloric  acid,  a  catalyst,  consisting  of 
an  organic  resin  bound  or  triphase  catalyst  prepared 
from  lightly  crosslinked  polystyrene  resins  containing 
pendant  halogen  functionality  by  a  quarternization  reac- 
tion  with  tertiary  phosphine  with  the  structural  formula: 

[wherein  the  a,  b,  c  ratio  may  vary  between  1/98/1  to 
99/0/1, 
wherein  R',  R2,  R3  are  radicals  selected  from  the  group 
comprised  of  alkyls  of  1  to  12  carbon  atoms,  secondary 
alkyls  of  3  to  12  carbon  atoms,  cycloalkyls  of  5  to  8 
carbon  atoms,  Xe  is  a  radical  selected  from 
Fe,  Br@, Cl@ 
or  HSO4@,  and  wherein  n  equals  1  to  12],  is  used. 



T h i s   i s   a  c o n t i n u a t i o n - i n - p a r t   of  A p p l i c a t i o n   S e r i a l  

Number   0 9 9 3 0 7 ,   f i l e d   D e c e m b e r   3,  1 9 7 9 .  

T e c h n i c a l   F i e l d  

P r i m a r y   a l k y l   a l c o h o l s   can   be  c o n v e r t e d   to  t h e   c o r r e s -  

p o n d i n g   a l k y l   c h l o r i d e s   in   t he   p r e s e n c e   of  a q u e o u s   h y d r o -  

c h l o r i c   a c i d   and  a  q u a t e r n a r y   p h o s p h o n i u m   s a l t ,   t h e  

i m p r o v e m e n t   c h a r a c t e r i z e d   in   t h a t   an  o r g a n i c   r e s i n   b o u n d  

or  t r i p h a s e   q a a t e r n a r y   p h o s p h o n i u m   s a l t   i s   u s e d   as  t h e  

c a t a l y s t .  

B a c k g r o u n d   A r t  

The  c l a s s i c a l   c o n v e r s i o n   of  p r i m a r y   a l c o h o l s   to  a l k y l  

c h l o r i d e s   r e q u i r e s   t h e   u se   of  h y d r o g e n   c h l o r i d e   gas   and  t h e  

p r e s e n c e   of   c a t a l y t i c   a m o u n t s   of  z i n c   c h l o r i d e .   See  M . T .  

A t w o o d ,   J o u r n a l   of   A m e r i c a n   O i l   C h e m i s t r y   S o c i e t y ,   40,   6 5  

( 1 9 6 3 )   and   R.  S t r o h ,   W.  Hahn  and   H o u b e n - W e y l ,   M e t h o d e n  

d e r   O r g a n i s c h e n   C h e m i e ,   4 t h   ed.   E.  M u l l e r ,   E d . ,   V o l .   V / 3 ,  

G e o r g   T h i e m e   V e r l a g   S t u t t g a r t ,   1 9 6 2 ,   p.  831 .   The  r e f e r e n c e s  

d i s c l o s e   t h a t   u s e   of   a q u e o u s   h y d r o c h l o r i c   a c i d   i s   l e s s  

s u i t a b l e   s i n c e   a n h y d r o u s   r e a c t i o n   c o n d i t i o n s   a r e   p r e f e r r e d .  

T h e s e   m e t h o d s   g i v e   p o o r   y i e l d s   and  r e q u i r e   t h e   u s e   of  a  

l a r g e   a m o u n t   of  z i n c   c h l o r i d e .   See  A.  G u y e r ,   A.  B i e l e r ,  

and   E.  H a r d m e y e r ,   H e l v .   Chim.   A c t a   20,  T 4 6 3   ( 1 9 3 7 )  .  

L a n d i n i ,   M o n t a n a r i   and   R o l l a   in   S y n t h e s i s ,   J a n u a r y   1 9 7 4 ,  

p a g e   37  r e p o r t e d   t h a t   t h e   p r o b l e m s   of  p o o r   y i e l d   a n d  

e x c e s s i v e   a m o u n t s   of   r e a c t a n t s   can   be  o v e r c o m e   when  t h e  

r e a c t i o n   i s   c a r r i e d   o u t   in   t h e   p r e s e n c e   of  a  p h a s e - t r a n s f e r  

c a t a l y s t   in   a  h e t e r o g e n o u s   s y s t e m .   The  f o l l o w i n g   e q u a t i o n  

i s   i n d i c a t i v e   of  L a n d i n i   e t   a l ' s   r e a c t i o n :  



P r i o r   to  t h e   a d v e n t   of  t h e   p h a s e - t r a n s f e r   c a t a l y s t  

c o n c e p t   t h e   g e n e r a l   o r d e r   of   r e a c t i v i t y   of   a l k y l   h a l i d e s  

was  n o r m a l l y   R I 7   RBr  >  RCl .   U n f o r t u n a t e l y   t h i s   o r d e r   o f  

r e a c t i v i t y   i s   j u s t   t h e   r e v e r s e   of   t h e i r   e c o n o m i c   d e s i r a b i l i t y .  

T h i s   f a c t   h a s   l e d   to  t h e   v e r y   l i m i t e d   i n d u s t r i a l   a p p l i c a t i o n s  

of  a l k y l   h a l i d e s .  

R e c e n t l y   u s i n g   t h e   p h a s e - t r a n s f e r   c o n c e p t   i t   h a s   b e e n  

d i s c o v e r e d   t h a t   t h e   o r d e r   of   r e a c t i v i t y   of   t h e   a l k y l   h a l i d e s  

i s   R C 1  >  R B r >  R I   i n   some  c a s e s .  

I t   h a s   b e e n   r e p o r t e d   t h a t   when  w a t e r   i n s o l u b l e   p r i m a r y  

a l c o h o l s   a r e   r e a c t e d   w i t h - a q u e o u s   c o n c e n t r a t e d   h y d r o c h l o r i c  

a c i d   a t   1 0 5 ° C .   i n   t h e   p r e s e n c e   of   c a t a l y t i c   q u a n t i t i e s   o f  

h e x a d e c y l t r i b u t y l p h o s p h o n i u m   b r o m i d e ,   t h e   c o n v e r s i o n   i n t o  

c o r r e s p o n d i n g   p r i m a r y   a l k y l   c h l o r i d e s   a v e r a g e d   60%  a f t e r   8  

h o u r s  a n d   r e a c h e d   90  and   95%  a f t e r   30  and   45  h o u r s   r e s p e c t i v e -  

l y .   L a n d i n i   e t   a l ,   S y n t h e s i s ,   p a g e   37,   s u p r a ,   d e t e r m i n e d  

t h a t   t h e   c h a i n   l e n g t h   o f  t h e   p r i m a r y   a l k y l   a l c o h o l   h a d   n o  

n o t i c e a b l e   e f f e c t   on  t h e   r a t e   of   c o n v e r s i o n   i n   t h e   s e r i e s  

of   a l c o h o l s   f r o m   6  to   16  c a r b o n   a t o m s .   I t   was  f o u n d   b o t h  

y i e l d s   and   r e a c t i o n   r a t e s   d r a s t i c a l l y   d r o p p e d   i n   t h e   c a s e  

of   w a t e r - s o l u b l e   a l c o h o l s .   A d d i t i o n a l l y ,   i t   was  d e t e r m i n e d  

t h a t   t h e   r e a c t i o n   p r o c e e d e d   w i t h o u t   t h e   s y n t h e s i s   of   t h e  

u n d e s i r e d   b y - p r o d u c t s   of   d i a l k y l   e t h e r s   or   i s o m e r i c   c h l o r i d e s .  

The  p r o c e s s   of   t h e   p r e s e n t   i n v e n t i o n   u n l i k e   some  c i t e d  

r e f e r e n c e s   d o e s   n o t   r e q u i r e   t h e   u s e   of   a n h y d r o u s   HC1  g a s .  

By  u s e   of   t h e   p r o c e s s   of   t h i s   i n v e n t i o n   h i g h   y i e l d s   of   t h e  

p r i m a r y   a l k y l   c h l o r i d e s   c a n   be  o b t a i n e d   by  u s i n g   a q u e o u s  

c o n c e n t r a t e d   h y d r o c h l o r i c   a c i d .   The  c r u d e   a l k y l   c h l o r i d e s  

t h e n   may  be  u s e d   d i r e c t l y   to  p r e p a r e   many  v a l u a b l e   p r o d u c t s ,  

f o r   e x a m p l e ,   s u l f i d e s ,   d i s u l f i d e s ,   e s t e r s ,   e t h e r s ,   n i t r i l e s  

and   e t c .   I n d u s t r i a l   p r o d u c t i o n   of   a l k y l   c h l o r i d e s   w o u l d  

p r e f e r a b l y   be  c o n d u c t e d  o n   a  c o n t i n u o u s   b a s i s   due  t o  

e c o n o m i c   b e n e f i t s   o v e r   b a t c h   p r e p a r a t i o n s .  

D i s c l o s u r e   of   I n v e n t i o n  

In   a  p r o c e s s   f o r   t h e   c o n v e r s i o n   of   p r i m a r y   a l k y l  
a l c o h o l s  

w h i c h   h a v e   l i m i t e d   w a t e r   s o l u b i l i t y  
i n   t h e   c o r r e s p o n d i n g   a l k y l   c h l o r i d e s   i n   t h e   p r e s e n c e   o f  



a q u e o u s   h y d r o c h l o r i c   a c i d   and  a  c a t a l y s t ,   t h e   i m p r o v e m e n t  

c h a r a c t e r i z e d   in   t h a t   an  o r g a n i c   r e s i n   b o u n d   or  t r i p h a s e  

c a t a l y s t   p r e p a r e d   f rom  l i g h t l y   c r o s s l i n k e d   ( 1  o r   2%  c r o s s -  

l i n k   d e n s i t y )   p o l y s t y r e n e   r e s i n   c o n t a i n i n g   p e n d a n t   h a l o g e n  

f u n c t i o n a l i t y   by  a  q u a t e r n i z a t i o n   r e a c t i o n   w i t h   a  t e r t i a r y  

p h o s p h i n e   as  i l l u s t r a t e d   by  t he   s t r u c t u r a l   f o r m u l a :  

w h e r e i n   t h e   a,  b,  c  r a t i o   may  v a r y   b e t w e e n   1 / 9 8 / 1   to  9 9 / 0 / 1 ,  

t h e   more  p r e f e r r e d   r a n g e   b e i n g   1 / 9 8 / 1   to  6 5 / 3 4 / 1   w i t h   t h e  

m o s t   p r e f e r r e d   r a n g e   5 / 9 4 / 1   to  3 0 / 6 9 / 1 ,   and   w h e r e i n   Rl ,   R2 

and  R3  a r e   t h e   same  or  d i f f e r e n t   r a d i c a l s   s e l e c t e d   f r o m  

t h e   g r o u p   c o m p r i s e d   of   a l k y l s   of  1  to  12  c a r b o n  a t o m s ,  

s e c o n d a r y   a l k y l s   of  3  to  12  c a r b o n   a t o m s ,   c y c l o a l k y l s   o f  

5  to  8  c a r b o n   a t o m s ;   X @   i s   a  h a l i d e   r a d i c a l   s e l e c t e d  

f rom  t h e   g r o u p   c o n s i s t i n g   of  F@,  Br@,  C l @  o r   h y d r o g e n  

s u l f a t e   i o n   HS046 ,   and   w h e r e i n   n  e q u a l s   1  to  12;  i s   u s e d .  

More  D e t a i l e d   D e s c r i p t i o n   of  D i s c l o s u r e  

R e p r e s e n t a t i v e   of   t h e   a l c o h o l   s t a r t i n g   m a t e r i a l s   u s e d  

in   t h i s   p r o c e s s   a r e   a l c o h o l s   s u c h   as  1 - p e n t a n o l ,   1 - h e x a n o l ,  

1 - h e p t a n o l ,   1 - o c t a n o l ,   1 - n o n a n o l ,   1 - d e c a n o l ,   3 - m e t h y l - l -  

b u t a n o l ,   3 , 3 - d i m e t h y l - l - b u t a n o l   and   4 - m e t h y l - l - p e n t a n o l .  

R e p r e s e n t a t i v e   of  t h e   p r o d u c t s   f o r m e d   by  t h e   p r o c e s s  
of   t h i s   i n v e n t i o n   a r e   a l k y l   c h l o r i d e s   s u c h   as  1 - c h l o r o p e n t a n e ,  

1 - c h l o r o h e p t a n e ,   1 - c h l o r o o c t a n e ,   1 - c h l o r o n o n a n e ,   1 - c h l o r o -  

d e c a n e ,   3 - m e t h y l - l - c h l o r o b u t a n e ,   3 , 3 - d i m e t h y l - l - c h l o r o b u t a n e  

and  4 - m e t h y l - 1 - c h l o r o p e n t a n e .   The  p r o c e s s   of  t h i s   i n v e n t i o n  

i s   c o n t i n u o u s   as  t h e   a l k y l   c h l o r i d e   p r o d u c t   i s   r e m o v e d   b y  

d i s t i l l a t i o n   of  t h e   a l k y l   c h l o r i d e   a z e o t r o p e   w i t h   w a t e r .  



I t   h a s   b e e n   d e t e r m i n e d   t l : a t   t h e   p h o s p h o n i u m   i o n s   a r e  

s o m e w h a t   more  e f f e c t i v e   and   t h e r m a l l y   s t a b l e   t h a n   t h e  

c o r r e s p o n d i n g   ammonium  c a t a l y s t   i n   t h e   p r o c e s s   of   t h i s  

i n v e n t i o n .   I t   h a s   a l s o   b e e n   d e t e r m i n e d   t h a t ,   in   g e n e r a l ,  

t h e   l o n g e r   t h e   a l k y l   c h a i n   l e n g t h   of   t h e   c a t a l y s t   t h e  

g r e a t e r   t h e   e f f i c i e n c y   of   t h e   c a t a l y s t .  

The  p r o c e s s   of   t h i s   i n v e n t i o n   i s   l i m i t e d   to  o r g a n i c   r e s i n  

b o u n d   or   t h e   s o - c a l l e d   " t r i p h a s e "   c a t a l y s t   s y s t e m .   T h e s e  

. p o l y m e r - b o u n d   c a t a l y s t s   may  be  e a s i l y   p r e p a r e d   f r o m   l i g h t l y  

c r o s s l i n k e d   ( 1  o r   2%  c r o s s l i n k   d e n s i t y )   p o l y s t y r e n e   r e s i n s  

c o n t a i n i n g   p e n d e n t   h a l o g e n   f u n c t i o n a l i t y   by  a  q u a t e r n i z -  

a t i o n   r e a c t i o n   w i t h   a  t e r t i a r y   p h o s p h i n e   as  i l l u s t r a t e d   b y  

t h e   f o l l o w i n g   f o r m u l a :  

w h e r e i n   t h e   a,  b,  c  r a t i o   may  v a r y   b e t w e e n   1 / 9 8 / 1   to   9 9 / 0 / 1 ,  

t h e   more   p r e f e r r e d   r a n g e   b e i n g   1 / 9 8 / 1   to   6 5 / 3 4 / 1   w i t h   t h e  

m o s t   p r e f e r r e d   r a n g e   5 / 9 4 / 1   to   3 0 / 6 9 / 1 ,   and   w h e r e i n   R l ,   R 2 ,  

R3  a r e   t h e   same  or   d i f f e r e n t   r a d i c a l s   s e l e c t e d   f rom  t h e  

g r o u p   c o m p r i s e d   of  a l k y l s   of   1  to  12  c a r b o n   a t o m s ,   s e c o n d a r y  

a l k y l s   of   3  to  12  c a r b o n   a t o m s ,   c y c l o a l k y l s   of  5  to   8  c a r b o n  

a t o m s .   X@  i s   a  h a l i d e   r a d i c a l   s e l e c t e d   f r o m   t h e   g r o u p  

c o n s i s t i n g   of  F@,  Br@,  Cl@  or   h y d r o g e n   s u l f a t e   i o n   H S O 4 @  

and  w h e r e i n   n  e q u a l s   1  to   1 2 .  

As  an  e x a m p l e ,   p o l y m e r   bound   b e n z y l - t r i - n - b u t y l   p h o s p h o n -  

ium  c h l o r i d e   i s   p r e p a r e d   a c c o r d i n g   to   t h e   f o l l o w i n g  

p r o c e d u r e :  

A  2  l i t e r   3  n e c k   f l a s k   e q u i p p e d   w i t h   a  m e c h a n i c a l   s t i r r e r ,  

c o n d e n s e r ,   t h e r m o m e t e r   and   n i t r o g e n   gas   i n l e t   was  c h a r g e d   w i t h  



103  g r a m s   ( 0 . 1 2 4   m o l e s   c h l o r i d e   c o n t e n t )   of  c h l o r o m e t h y l a t e d  

1%  c r o s s l i n k e d   p o l y s t y r e n e   r e s i n   ( m a r k e t e d   u n d e r   t he   t r a d e  

name  B i o - B e a d s   S X - l ) .   The  r e s i n   was  t h e n   s w o l l e n   by  t h e  

a d d i t i o n   of  1  l i t e r   d i n e t h y l f o r m a m i d e .   The  s y s t e m   was  p u r g e d  

w i t h   a  s t r e a m   of  n i t r o g e n   and  3 2 . 4   g r ams   ( . 1 6 0   m o l e s )  

t r i - n - b u t y l   p h o s p h i n e   was  a d d e d .   The  m i x t u r e   was  b r o u g h t  

to  1 2 0 - 1 3 0 ° C .   w i t h   s t i r r i n g   f o r   f o u r   h o u r s .   The  m i x t u r e  

was  t h e n   c o o l e d   to  7 0 ° C . ,  f i l t e r e d   warm  and   s u b s e q u e n t l y  

w a s h e d   w i t h   d i m e t h y l f o r m a m i d e   t h r e e   t i m e s   and   w i t h   a c e t o n e  

f o u r   t i m e s .   The  r e s i n   was  d r i e d   in   a  v a c u u m   oven   a t  

8 0 - 1 0 0 ° C .   p r o v i d i n g   t h e   c a t a l y s t   r e s i n   in   a  y i e l d   of  1 3 1 . 3  

g r a m s .  

B e s t   Mode  For   C a r r y i n g   Out  The  I n v e n t i o n  

The  o v e r a l l   r e a c t i o n   may  be  r e p r e s e n t e d   by  t h e   f o l l o w i n g  

e q u a t i o n :  

w h e r e i n   5 ≤  n  <   1 0 .  

As  l i t t l e   as  1  mol%  of  p h o s p h o n i u m   s a l t   c a t a l y s t   p e r   m o l e  

of  a l c o h o l   may  be  u s e d ,   h o w e v e r ,   due  to  t h e   s t a b i l i t y   o f  

t h e   c a t a l y s t   u n d e r   t h e   r e a c t i o n   c o n d i t i o n s ,   i t   i s  a d v a n t a g e o u s  

and   d e s i r a b l e   to  i n c r e a s e   t h e   c a t a l y s t   l e v e l   to  10,  20,  50  

or  more  mole   p e r c e n t   p e r   mole   of  a l c o h o l   to  i n c r e a s e   t h e   r a t e  

of  c o n v e r s i o n   of  a l c o h o l   of  c h l o r i d e .   As  l i t t l e   as  1 . 5   m o l e s  

of  c o n c e n t r a t e d   37%  a q u e o u s   h y d r o c h l o r i c   a c i d   p e r   mole   o f  

a l c o h o l   in   t h e   r e a c t i o n   v e s s e l   can   be  u s e d ,   h o w e v e r ,   i t   i s  

a d v a n t a g e o u s   to  u se   f rom  5  to  20  m o l e s   of  a q u e o u s   h y d r o -  

c h l o r i c   a c i d   p e r   mole   of  a l c o h o l   to  s p e e d   c o n v e r s i o n .  

P r o v i d e d   to  i l l u s t r a t e ,   b u t   n o t   l i m i t   t h e   s c o p e   of  t h e  

p r e s e n t   i n v e n t i o n   i s   t h e   f o l l o w i n g   e x a m p l e :  

EXAMPLE  I  

P r e p a r a t i o n   of   1 - C h l o r o h e x a n e   U s i n g  

P o l y m e r i c   P h o s p h o n i u m   C a t a l y s t s  

P r e p a r a t i o n   of  C a t a l y s t  

To  a  one  l i t e r   f l a s k   was  a d d e d   50  g r a m s   of  1%  c r o s s -  
l i n k e d   c h l o r o m e t h y l a t e d   p o l y s t y r e n e   r e s i n   c o n t a i n i n g   1 . 2 4  



meq.  c h l o r i n e   p e r   gram  r e s i n ,   500  m i l l i l i t e r s   of  d i m e t h y l -  

f o r m a m i d e   and   1 6 . 2   g r a m s   ( 0 . 0 8   m o l e s )   of  t r i b u t y l p h o s p h i n e .  

The  m i x t u r e   was  h e a t e d   w i t h   s t i r r i n g .   f o r   f o u r   h o u r s   a t   1 2 0  

to  1 3 0 ° C .   The  m i x t u r e   was  c o o l e d   and   f i l t e r e d   and  t h e  

p r o d u c t   was  w a s h e d   w i t h   d i m e t h y l f o r m a m i d e   3  t i m e s   and   t h e n  

w i t h   a c e t o n e   3  t i m e s .   The  p r o d u c t   was  d r i e d   in   a  v a c u u m  

o v e n   a t   1 0 0 ° C .   y i e l d i n g   6 9 . 4   g r a m s .  

P r e p a r a t i o n   of   1 - C h l o r o h e x a n e  

Of  t h e   p h o s p h o n i u m   r e s i n   j u s t   p r e p a r e d   3 2 . 3   g r a m s   o f  

t h e   p h o s p h o n i u m   r e s i n   c o n t a i n i n g l i - , . O - - 7   m o l e s   p h o s p h o r u s  

was  a d d e d   to  103  g r a m s   (1  m o l e )   of   n - h e x y l   a l c o h o l   i n   a  

2  l i t e r   f l a s k .   500  m i l l i l i t e r s   of   c o n c e n t r a t e d   h y d r o -  

c h l o r i c   a c i d   and   a  few  b o i l i n g   c h i p s   w e r e   a d d e d   to  t h e  

m i x t u r e .   A  c o n d e n s e r   was  a t t a c h e d   and   t h e   m i x t u r e   r e f l u x e d  

f o r   43  h o u r s   u n d e r   s l o w   s t i r r i n g .   The  m i x t u r e   was  c o o l e d  

and   t h e   r e s i n   c a t a l y s t   was  f i l t e r e d   o f f .   The  o r g a n i c   l a y e r  

was  s e p a r a t e d   f r o m   t h e   f i l t r a t e   in   a  s e p a r a t i o n   f u n n e l  

y i e l d i n g   54  g r a m s   of   a . p a l e   y e l l o w   l i q u i d .   The  r e s i n   w a s  

t h e n   w a s h e d   w i t h   a  m i x t u r e   of   w a t e r   and   CH2C12  as  a  r e s l u r r y .  

T h e - l o w e r   o r g a n i c   l a y e r   was  s e p a r a t e d   f r o m   t h e   f i l t r a t e   a n d  

t h e   CH2C12  was  d i s t i l l e d   o f f   u s i n g   a  h o t   w a t e r   b a t h   a t  

a p p r o x i m a t e l y   50°C .   T h e r e   r e m a i n e d   a  r e s i d u e   of  5 9 . 1   g r a m s  
w h i c h   was  shown  by  gas   c h r o m a t o g r a p h y   to  be  1 - c h l o r o h e x a n e .  

The  t o t a l   y i e l d   was  1 1 3 . 1   g r a m s   ( . 9 4   m o l e s )   or   9 3 . 7 %   o f  

t h e o r y . .  

I n d u s t r i a l   A p p l i c a b i l i t y  

The  p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   w o u l d   g r e a t l y  

e n h a n c e  t h e   i n d u s t r i a l   u s e   of   a l k y l   c h l o r i d e s   s i n c e   t h e  

t r i - p h a s e   c a t a l y s t s   w i l l   g r e a t l y   l e s s e n   t h e   c o s t   of   p r o -  
d u c t i o n .   In   and   of   t h e m s e l v e s   a l k y l   c h l o r i d e s   can   b e  

u s e d   in   n u m e r o u s   w a y s ,   h o w e v e r ,   t h e   m a j o r   v a l u e   of   t h e s e  

a l k y l   c h l o r i d e s   i s   t h e i r   a b i l i t y   to  be  u s e d   as  i n t e r m e d -  

i a t e s   in   t h e   p r e p a r a t i o n   of   many  m a t e r i a l s .  



I t   i s   e v i d e n t   t h a t   t h e   p r o c e s s   of  t h i s   i n v e n t i o n   w o u l d  

g r e a t l y   e n h a n c e   t h e   p r o d u c t i v i t y   of  a l k y l   c h l o r i d e s   in   t h a t  

t h e   r e a c t i o n   p r o c e e d s   y i e l d i n g   p r o d u c t s   in  good   y i e l d   a n d  

good  p u r i t y .  

I 1  is  b e l i e v e d   t h a t   b e c a u s e   of  t he   t r i - p h a s e   c a t a l y s t  

s y s t e m s ,   t he   u se   of   t h e   a l k y l  c h l o r i d e s   w i l l   become  m o r e  

w i d e s p r e a d   as  i n d u s t r y   a c c e p t s   and  d e v e l o p s   t h i s   t e c h n i q u e .  

W h i l e   c e r t a i n   r e p r e s e n t a t i v e   e m b o d i m e n t s   and   d e t a i l s  

h a v e   b e e n   shown  f o r   t h e   p u r p o s e   of  i l l u s t r a t i n g   t h e  

i n v e n t i o n ,   i t   w i l l   be  a p p a r e n t   to  t h o s e   s k i l l e d   in   t h i s  

a r t   t h a t   v a r i o u s   c h a n g e s   and  m o d i f i c a t i o n s   may  be  m a d e  

t h e r e i n   w i t h o u t   d e p a r t i n g   f rom  t h e   s p i r i t   or  s c o p e   of  t h e  

i n v e n t i o n .  



1.  In  a  p r o c e s s   f o r   c o n v e r s i o n   of   p r i m a r y   a l k y l   a l c o h o l s  

to  t h e   c o r r e s p o n d i n g   a l k y l   c h l o r i d e s   in   t h e   p r e s e n c e   o f  

a q u e o u s   h y d r o c h l o r i c   a c i d   and   a  c a t a l y s t ,   t h e   i m p r o v e m e n t  

c h a r a c t e r i z e d   i n   t h a t   an  o r g a n i c   r e s i n   b o u n d   or  t r i p h a s e  

c a t a l y s t   p r e p a r e d   f r o m   l i g h t l y   c r o s s l i n k e d   ( 1  o r   2% 

c r o s s l i n k   d e n s i t y )   p o l y s t y r e n e   r e s i n s   c o n t a i n i n g  

p e n d a n t   h a l o g e n   f u n c t i o n a l i t y   by  a  q u a r t e r n i z a t i o n  

r e a c t i o n   w i t h   t e r t i a r y   p h o s p h i n e   as  i l l u s t r a t e d   b y  

t h e   s t r u c t u r a l   f o r m u l a :  

w h e r e i n   t h e   a,  b,  c  r a t i o   may  v a r y   b e t w e e n   1 / 9 8 / 1   t o  

9 9 / 0 / 1 ,   t h e   more   p r e f e r r e d   r a n g e   b e i n g   1 / 9 8 / 1   to  6 5 / 3 4 / 1  

w i t h   t h e   m o s t   p r e f e r r e d   r a n g e   5 / 9 4 / 1   to   3 0 / 6 9 / 1 ,  a n d  
w h e r e i n  R l ,   R2,  R 3  a r e   t h e   same  o r  d i f f e r e n t   r a d i c a l s  

s e l e c t e d   f r o m   t h e   g r o u p   c o m p r i s e d   of   a l k y l s   of  1  t o  

12  c a r b o n   a t o m s ,   s e c o n d a r y   a l k y l s   of  3  to  12  c a r b o n   a t o m s ,  

c y c l o a l k y l s   o f   5  t o  8   c a r b o n   a t o m s ;   X  v  i s   a  

h a l i d e   r a d i c a l   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  
F@,  Br@,  C l @  o r   h y d r o g e n   s u l f a t e   i o n   HSO4@,  and   w h e r e i n  

n  e q u a l s   1  to  12;   i s   u s e d .  

2.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  w h e r e i n   t h e   p r i m a r y  

a l k y l   a l c o h o l   i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

1 - p e n t a n o l ,   1 - h e x a n o l ,   1 - h e p t a n o l ,   1 - o c t a n o l ,   1 - n o n a n o l ,  

1 - d e c a n o l ,   3 - m e t h y l - l - b u t a n o l ,   3 , 3 - d i m e t h y l - l - b u t a n o l ,  

4 - m e t h y l - l - p e n t a n o l .  
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